Array-based whole genome investigation or molecular karyotyping enables the genome-wide detection of submicroscopic imbalances. Proof-of-principle experiments have demonstrated that molecular karyotyping outperforms conventional karyotyping with regard to detection of chromosomal imbalances. This article identifies areas for which the technology seems matured and areas that require more investigations. Molecular karyotyping should be part of the genetic diagnostic work-up of patients with developmental disorders. For the implementation of the technique for other constitutional indications and in prenatal diagnosis, more research is appropriate. Also, the article aims to provide best practice guidelines for the application of array comparative genomic hybridisation to ensure both technical and clinical quality criteria that will optimise and standardise results and reports in diagnostic laboratories. In short, both the specificity and the sensitivity of the arrays should be evaluated in every laboratory offering the diagnostic test. Internal and external quality control programmes are urgently needed to evaluate and standardise the test results between laboratories.
Introduction
Following the discovery that humans carry 46 chromosomes and the association of different aneuploidies with specific phenotypes in the late 1950s, karyotyping was rapidly introduced as a tool for the aetiological diagnosis of patients with mental retardation (MR) and birth defects. staining techniques which only allowed the detection of entire groups of chromosomes. The degree of precision was then increased in the 1970s with the introduction of chromosome banding techniques. These techniques enabled the detection of individual chromosomes 6, 7 and led to the identification of multiple syndromes associated with specific chromosomal imbalances. 8, 9 Although chromosomal karyotyping allows a genome-wide detection of large chromosomal abnormalities and translocations, it has a number of inherent limitations: (1) it takes between 4 and 10 days to culture the cells, visualise chromosomes and perform the analysis; (2) the resolution of a karyotype is limited to 5 -10 Mb depending on (i) the location in the genome, (ii) the quality of the chromosome preparation and (iii) the skill and experience of the cytogeneticist; and (3) it requires skilled technicians to perform a Giemsa-banded karyotype analysis, which increases employment costs and can lead to organisational difficulties in small laboratories.
With the introduction of fluorescence in situ hybridisation (FISH) the detection of submicroscopic chromosomal imbalances became possible. In FISH, labelled DNA probes are hybridised to nuclei or metaphase chromosomes to detect the presence, number and location of small (submicroscopic) regions of chromosomes. FISH is routinely used to identify, confirm and characterise chromosomal abnormalities or confirm the clinical suspicion of known microdeletion syndromes. 10 Also, more recently, other molecular methods, such as quantitative PCR (Q-PCR) and multiplex ligation-dependent probe amplification (MLPA), have been developed to detect accurately submicroscopic copy number variations (CNVs) with the possibility to interrogate multiple targets within one experiment (reviewed by Sellner and Taylor 11 ). However, all these methods are targeted and can only screen individual DNA targets rather than the entire genome.
To overcome this problem, multicolour FISH-based karyotyping (SKY, MFISH and COBRA FISH) was developed, which enables simultaneous detection of all chromosomes. 10, 12, 13 Another technology allowing the genomewide detection of copy number aberrations was introduced in 1992 and termed comparative genomic hybridisation (CGH). 14 In CGH, test and reference genomic DNAs are differentially labelled with fluorochromes and then cohybridised onto normal metaphase chromosomes. Following hybridisation, the chromosomes are scanned to measure the fluorescence intensities along the length of the normal chromosomes to detect intensity ratio differences that subsequently pinpoint to genomic imbalances. Overall, the resolution at which copy number changes can be detected using these techniques are only slightly higher as compared to conventional karyotyping (43 Mb) and all experiments are labour intensive and time consuming. By replacing metaphase chromosomes with mapped DNA sequences or oligonucleotides arrayed onto glass slides as the hybridisation targets, these limitations could be overcome. Following hybridisation of differentially labelled test and reference genomic DNAs to the target sequences on the microarray, the slide is scanned to measure the fluorescence intensities at each target on the array. The normalised fluorescent ratio for the test and reference DNAs is then plotted against the position of the sequence along the chromosomes. Gains or losses across the genome are identified by values increased or decreased from a 1:1 ratio (log2 value of 0), and the detection resolution now only depends on the size and the number of targets on an array and the position of these targets (their distribution) on the genome. This methodology was first described in 1997 and is termed matrix or array CGH. 15, 16 Array CGH has initially been employed to analyse copy number changes in tumours with the aim to identify genes involved in the pathogenesis of cancers. 17, 18 More recently, however, this methodology has been optimised and applied to detect unbalanced constitutional rearrangements. 19, 20 Genome-wide screening for CNVs in a clinical genetic context at a defined high resolution has been termed molecular karyotyping and includes technologies such as array CGH or hybridisation methods in which control and sample are hybridised separately. 21, 22 Several studies have demonstrated the potential value of genomic arrays in the diagnosis of thus far unexplained developmental/MR disorders. It has been proposed that in analogy with the introduction of chromosome karyotyping in the early 1960s, genomic arrays should now be implemented as a genetic diagnostic service and several genetic centres already offer molecular karyotyping to patients. 23 ).
Clinical utility
Postnatal diagnosis of developmental delay/MR and/or congenital anomalies MR with or without congenital malformations occurs in B3% of the population and is aetiologically hetero-geneous. 26 Chromosomal anomalies as detected by conventional karyotyping are one of the most common recognised causes, accounting for an estimated 10% of MR. 27 In about 50% of patients with MR, the aetiology remains unknown. Nevertheless, an aetiological diagnosis is important for many reasons. A precise diagnosis may, for example, lead to prevention or even an earlier detection of some pathogenic signs (eg obesity in Prader -Willi patients, Wilms tumour in Wilms tumour, aniridia, genitourinary anomalies mental retardation (WAGR) syndrome) or may enable improved medical care for the individual (eg echocardiogram if a gene implicated in congenital heart disease is involved). Moreover, a diagnosis often is essential for genetic counselling and reproductive choices of the individual and his/her family. For parents, insight in the cause of a handicap will lead to reduced uncertainty and may alleviate feelings of guilt. 28 Since in 50% of patients no aetiological diagnosis can be made, 29 families may seek advice from several specialised physicians and undergo multiple diagnostic tests. This leads to a 'diagnostic odyssey' of often repeated testing for many different conditions. 23 An early diagnosis will avoid the anxiety and strain put on a patient and his family by the current procedures. These frequently involve multiple hospital appointments and repeated and often invasive investigations, some of which (eg magnetic resonance imaging under sedation) are not entirely risk-free. Several studies have demonstrated the efficacy of arraybased methods to detect apparent pathogenic imbalances in both children and adults with MR and multiple congenital anomalies (MCA), but normal conventional cytogenetic analyses. These studies have been performed using platforms of increasing resolution. The first reports described the application of chromosome-specific arrays 30 and large insert clone arrays covering the entire human genome at 1 Mb, 19, 20, 24, 31, 32 or more; recently, full-tiling path resolution. 33 In addition, oligo-based array platforms are now being increasingly applied in these studies. 23 While a comparison of the detection rate of pathogenic imbalances in these studies is confounded by different patient selection criteria, overall 7 -11% of patients were diagnosed with cryptic pathogenic submicroscopic chromosomal imbalances. In addition, in patient cohorts that have not previously screened for subtelomeric imbalances, about 5% of subtelomeric imbalances are detected. This number is roughly in concordance with the numerous reports on subtelomeric screens in these types of patient cohorts. 34 The detection rate of pathogenic imbalances appears to increase slightly by using higher resolution arrays. High-resolution screens of MCA/MR patients with MCA/MR using either full-tiling large insert clone or oligo arrays found that 20% of all detected imbalances were smaller than 1 Mb, indicating that higher resolutions screens will improve the diagnostic yield, but also add complexity due to the need to differentiate pathogenic from normal CNV at this level of resolution. 23, 33 Thus, with regard to the diagnosis of unexplained MCA/MR, the criteria of clinical utility for molecular karyotyping in this specific setting certainly is fulfilled. General experience suggests to request this investigation with the same criteria used to request cytogenetic investigations. In addition to the diagnosis of patients without visible chromosomal anomalies, molecular karyotyping can also reveal unsuspected imbalances in patients with visible chromosomal imbalances. In particular, apparently balanced translocations in patients with abnormal phenotypes may hide deletions both at the breakpoint and elsewhere in the genome. 35, 36 Preliminary data demonstrated that other rearrangements also, such as ring chromosomes, may be more complex than anticipated 37 (Rossi et al, submitted). Hence, it is advised to investigate these rearrangements through whole-genome arrays.
Prenatal diagnosis
In analogy with conventional prenatal karyotyping, it is tempting to introduce molecular karyotyping in a prenatal setting. The key issues are the speed (no culturing is required and automation of certain steps in the procedure is possible) and the higher resolution with molecular compared to conventional karyotyping. A number of proof-of-principle clinical studies are currently ongoing. 38 -41 However, there are a number of potential pitfalls that have to be avoided. Most prenatal testing is carried out in the context of advanced maternal age or increased risk for Down syndrome based on ultrasound tests or serum markers. In this context, many laboratories have already moved from conventional karyotyping towards MLPA, Q-PCR or interphase FISH, either directed at detecting only trisomy 21 or in combination with detection of aneuploidies for chromosomes 13, 18, X and Y. However, in contrast to conventional karyotyping or FISH analysis for established loci, genome-wide array analysis interrogates the entire genome. Array CGH will obviously detect any of those whole-chromosome alterations with the possibility to detect mosaic alterations (see later sections). In addition to the detection of imbalances resulting in well-established developmental disorders, molecular karyotyping will detect imbalances in regions for which we do not know the phenotypic consequences yet. Although benign DNA copy number variants are currently being inventorised, assessment of their clinical relevance requires further study. Also, for each new imbalance that has not been reported previously, phenotypic consequences and penetrance may be difficult to predict in the absence of extensive family data and genotyope/phenotype correlations. It is difficult to envisage how this specific setting could benefit from the introduction of molecular karyotyping, particularly with regard to its increased resolution and thus the potential to detect imbalances that at present cannot be interpreted. A possible solution to this problem might be the development of arrays with a limited number of wellknown targets.
In the case of prenatal karyotyping following the detection of malformations on ultrasound examinations, the a priori chance to detect a causal aberration is much higher, and especially in the presence of specific phenotypic anomalies, the interpretation of an abnormal result may be facilitated by the molecular analyses. Potentially, more extensive pre-and post-testing counselling will be needed to ensure that imbalances which cannot be interpreted are not perceived as true anomalies by parents and physicians. However, clinical geneticists are already familiar with this problem when facing most of counselling cases with de novo supernumerary marker chromosomes or de novo apparently balanced translocations. Carefully designed clinical studies, initially in a research context, are warranted to establish practical guidelines.
A de novo apparently balanced chromosome rearrangement is associated with a 6.7% risk of a congenital anomaly in the child, some of which will be related to a submicroscopic imbalance. 42 Currently it is not clear what percentage of these children do harbour submicroscopic imbalances, and molecular karyotyping may aid in the unmasking of these translocation-associated imbalances. 35, 36, 42 Further research in this area is strongly recommended. Likewise for extra structurally abnormal chromosomes, molecular karyotyping has the potential to determine the size and the presence of euchromatic regions more precisely. However, as for other chromosomal imbalances, currently genotype/phenotype data on small, supernumerary marker chromosomes are not sufficient to allow accurate interpretation in all instances. 43 Hence, in this area also more research is needed.
Infertility and recurrent abortion While molecular karyotyping can reveal imbalances in the genome, to date it cannot detect balanced rearrangements without the separation of the derivative chromosomes away from the rest of the genome before the analysis 44 -46 Fa procedure that is not easily amenable in a diagnostic setting. Since chromosomal translocations are a significant cause of infertility, conventional karyotyping remains the key diagnostic test for this indication. Recurrent miscarriages are often caused by the unbalanced transmission of a chromosomal translocation in one of the parents. Subtelomeric analysis using FISH may also be used to investigate for the presence of cryptic translocations although only 1 in 50 couples with repeated abortions had been reported harbouring such a rearrangement, 47 and only one among 29 parents carrying a cryptic translocation ascertained through an unbalanced proband had repeated abortions. 34 
Miscarriages
To determine whether an abortion is caused by a genetic defect, fibroblasts derived from the skin of spontaneously aborted foetuses are, in some countries routinely, karyotyped. The finding of a chromosomal rearrangement may highlight the presence of a predisposing situation in one of the parents, and the finding of an aneuploidy may confort the parents as recurrence risk is low. Several molecular karyotyping studies on aborted foetuses have detected submicroscopic imbalances. 48 -50 As for postnatal diagnosis, molecular karyotyping may complement or replace the current routine analyses, particularly for those aborted foetuses with normal karyotype. Further research in this area is required.
Mosaicism detection
When a chromosomal mosaicism is suspected, cultured fibrobasts are karyotyped. It seems likely that molecular karyotyping will enable the detection of such mosaicisms. Further research to confirm that molecular karyotyping enables the detection of such mosaics is required.
Analytical validity
Analytical validity deals with the technical aspects of molecular karyotyping, that is, the accuracy of a test to detect a chromosomal aberration. Array CGH interrogates thousands of loci in a single experiment. The challenge of an array CGH experiment in a clinical setting is to call all targets without calling either false positives or false negatives. Specificity is defined as the probability of a negative test among patients without disease (those who do not have any chromosomal imbalance), whereas the sensitivity measures the effectiveness of a test to detect a chromosomal imbalance. The ability to detect a chromosomal imbalance depends on the resolution of the array used. To obtain high sensitivity and specificity levels, adequate platforms and adequate threshold algorithms are required, false positive as well as false negative rates have to be determined, and the achievable resolution of the array needs to be established experimentally.
Specificity and sensitivity
To validate the optimal thresholds and to establish the false positive and the false negative rates of array results in any laboratory setting, a series of experiments including selfself hybridisations, replicate experiments, gender mismatch analyses, hybridisations using DNA with established copy number changes and chromosome add-in experiments should be performed. For example, copy number changes by definition cannot exist in self -self-hybridisations, therefore none of the clones present on the array should report a copy number change. In practice, however, a small number of false calls or flagged reporters (excluded from further data processing) will always be made due to labelling bias and hybridisation artefacts. To determine false positive/false negative calling rates and reproducibility, replicate experiments should be performed so that appropriate threshold algorithms can be established minimising false positive/false negative calls. In addition, gender mismatch or hybridisations using DNA with established copy number changes, for example DNA derived from a patient with regular trisomy 21, can support the determination of false positive/false negative rates for that given chromosome-related clones. Therefore the best option would be the use of chromosome-specific add-in samples to validate the hybridisation characteristics of all clones representing the respective chromosomes. 51 Unfortunately, such add-in samples are not yet commercially available.
While the appearance of a number of consecutive clones with deviating ratios is highly likely to reflect a true copy number change in a patient's genome, single clone calls are difficult to interpret. We therefore suggest including in each array analysis multiple measurements for every target on the array. This could be achieved by either performing replicate (dye-swap) experiments, or providing multiple copies of the same target/redundant targets on the array. Dependent on the probability that an imbalance is causal, follow-up control experiments on the patient and their parents should be performed whenever appropriate. When multiple clones within the same region report a deviation from the expected ratio, the probability that this deviation represents a real imbalance increases. If, on the other hand, only a single target deviates from the expected ratio, this probability decreases. Since probability values will depend on the array quality, the number and the sizes of the targets on an array and in general wet-lab experimental conditions, these probabilities have to be established in each laboratory. This probability can experimentally be established by follow-up validation experiments on a large series of potential imbalances.
In array CGH, DNA from a patient is hybridised against reference control DNA. Different sources of reference DNAs have been used to detect imbalances in patients including DNA from a well-established cell line, DNA from a wellcharacterised reference individual or DNA pooled from a cohort of 'normal' individuals. Another approach, avoiding the need for a specific reference DNA, is the so-called loop hybridisation: DNA from one patient is hybridised against DNA from two other patients. 24 In this approach it is essential to ensure that all three patients are diagnosed with different phenotypes and do not carry the same imbalance. The choice of the reference DNA is crucial to attribute an imbalance to the reference or to the patient. Possible solutions include replicating the experiment with another reference DNA or use of a very well characterised reference DNA. The development of validated international control samples may be beneficial. However, it should be realised that the importance of reference DNA sample is less relevant by using an SNP array-based approach.
We suggest establishing an internal quality control programme to address these points. Furthermore, if 'inhouse' produced arrays are used for diagnostic purposes, we recommend determining the quality of each printed batch of arrays. This can be performed by hybridising a set number of slides (typically the first and the last) from each batch with patient DNA containing known aberrations. We strongly advise to perform a similar QA programme for commercially available arrays.
Resolution
The resolution of molecular karyotyping is in the first instance dependent on the platform used. The higher the number of targets, the higher the potential resolution will be. However, the effective resolution will typically be lower because (1) the values of successive targets are often averaged and (2) the average spacing of targets and minimum/maximum coverage of specific regions is variable.
Based on the previously discussed control hybridisations using reference samples with DNA imbalances of variable but well-characterised sizes, the resolution of an array can be determined and should be reported as such. A laboratory can choose to call only those imbalances, which are composed of multiple successive targets and in this way decrease the false positive rate. However, this will also reduce the effective resolution of an array (CGH) experiment. Furthermore, because of the high number of targets on an array, it is almost inevitable that a small number of targets will not respond to copy number changes in the expected way due to, for example, homologous regions or repeats present in the target sequence. This, however, may also reduce the effective resolution of an array and may lead to false negative results. The number of non-responding targets in an otherwise changed region should be documented for each hybridisation. In addition, some areas on the array might not report the expected results due to hybridisation artefacts. These clones should be excluded from the analysis. However, the laboratory should establish a minimal retention threshold for each chromosome as well as for all targets on the array. In our hands a global minimal retention value of 90% is acceptable. Taken together, a laboratory should determine and report not only the theoretical resolution, but also the experimental resolution of the array to the referring clinician. We strongly recommend that each laboratory participates in external quality control schemes to validate the effective resolution and performance of the arrays used in their laboratories. Such quality control schemes currently only exist within small consortiums. Therefore, there is an urgent need for an organised large-scale effort to develop external quality control schemes.
Several studies have now shown the ability of molecular karyotyping to detect low-grade mosaicism with aneuploidy as low as 7%. 52, 53 While in conventional karyotyping the chance to detect such low-grade mosaicism is dependent on the number of metaphases analysed, in array CGH this depends on experimental outcome of the hybridisation, that is the standard deviation of an array experiment as well as on the size and the number of successive called targets. 54 The degree of mosaicism that can be detected can be established using mixtures of normal DNA versus abnormal DNA. To validate imbalances detected by array CGH, follow-up analyses might be required. Whether or not alternative techniques are chosen to confirm a specific imbalance depends on the probability that a perceived imbalance is a true positive call (as discussed before). If this probability is low, small imbalances may be verified by independent molecular techniques including FISH, Q-PCR, MLPA or higher resolution arrays. 19, 20, 31, 33 For deletions, all those techniques will be accurate. For small duplications, FISH should be quantitative, since the resolution of fluorescent microscopes may not separate the signals derived from a duplicon. Since both a deletion and a duplication may result from the unbalanced segregation of a balanced insertional translocation in one of the parents, it is mandatory to perform FISH on the parental metaphase spreads to exclude telomeric/insertional translocations or inversions. Clone selection and clone validation of mapped sequences used to construct arrays are not considered part of the quality assessment of individual laboratories, but rather belong to the quality management of the array providers. An excellent overview of quality criteria and validation methodology is provided by Fiegler et al. 51 Both BAC/PAC and oligo-based arrays are successfully used in a clinical diagnostic setting. The maximum resolution of BAC/PAC arrays is limited to the insert sizes of the BAC/PACs (in the order of 100 -150 kb), while the maximum resolution of oligo-based arrays is only limited by the size of the oligos (about 25 -70 bp). However, since in oligo-based arrays consecutive deleted/duplicated targets are required to call an aberration, the true resolution of oligo-based platforms have to be established in each individual laboratory and is often larger than suggested by the array providers. With the highest possible resolution platform, the most genetic information is obtained. However, the higher resolution results at present in interpretation difficulties (see below) and higher resolution platforms are (most often) more expensive. The choice for which resolution, platform and cost/test to implement has to be decided by the individual laboratory. For a technical comparison of the different high-resolution platforms available, we refer to some recent publications. 55, 56 An overview of the main technical problems that can be encountered when performing array CGH as well as their potential causes is provided in Table 1 .
Clinical validity
In all series of patient studies reported thus far, there are a number of cases in which an aberration could not be linked to the clinical significance. 32, 57 This touches on the difficulties in interpreting aberrations to be causative for a specific phenotype. Currently, causality depends on a number of criteria, which can be considered either alone or in combination. 53 These include the following. Normalization by sub-array (block-normalization), adjust laser, proper maintenance of appliance Artifactual ratio changesFlabelling bias Molecular structure of Cy3 and Cy5 Indirect labelling approaches using the incorporation of aminoallyl-modified dNTPs into both DNAs, followed by independent direct labelling with reactive fluorochromes. Introduction of replicate dye-reversal hybridizations or direct chemical labelling by using ULS-coupled dyes Uneven hybridisation
Manual hybridisation with drying/ leaking Automated hybridization process Low intensity, high SD Low incorporation, poor labelling efficiency, poor recovery Strong QC for DNA quality, DOL and labelled DNA quality for new users CGH, comparative genomic hybridisation.
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The aberration has previously been reported in an individual with the same phenotype. If a recurrent microdeletion/duplication associated with a well-known phenotype is detected, the causal relationship is established. However, most imbalances identified to date are scattered across the genome. Thus far, only a few novel recurrent microdeletion syndromes have been identified. 58 -61 Moreover, in clinical practice, deciding whether the phenotype of a patient is similar to that of a previously reported patient can be difficult, given the fact that the features of the patients are often nonspecific (eg mental handicap, microcephaly, short stature, y). This however does not apply for specific features such as specific organ malformations. Because most imbalances reported thus far are unique, proof of pathogenicity of the imbalance depends on additional criteria as listed below. The presence of a known gene in the aberration which if changed in copy number is known to cause a feature present in the individual. Examples include PMP22, BWS, APP, a-synucleine, CHD7 deletion causing CHARGE syndrome 62 and DAX1 duplication causing gonadal dysgenesis in 46,XY females.
63
A de novo origin of an imbalance is generally thought to be an important argument suggesting the pathogenity of the imbalance. However, given the high number of CNV in the normal population, one has to consider that some of the de novo detected aberrations may represent a de novo occurrence of a CNV. Nevertheless, current data indicate that few of the known CNVs actually occurred de novo, but most likely have an ancient origin, as seen for SNPs. At present, the frequency by which genomic imbalances occurred de novo is unknown. Size of the aberration: Larger imbalances are more likely to be pathogenic. However, cytogeneticists have known for years that even cytogenetically visible imbalances can be benign 64 and array CGH analyses have sometimes revealed large imbalances (45 Mb) , which appeared to be present in phenotypically normal parents of probands. 65 ,66 Some of those rare imbalances detected in individuals with MCA/MR, but shown to be inherited from phenotypically normal individuals, can be benign in some individuals but causal in others as the phenotypic expression of certain chromosomal imbalances can vary. One possible (but rare) mechanism is the unmasking of a recessive allele. 67 Another is deletion/ duplication of imprinted regions of the genome. Probably more frequent is the existence of genetic and environmental modifiers. Therefore, inherited imbalances may well turn out to be susceptibility loci contributing to pathogenicity. 57 An example is the 1q21.1 microdeletion associated with TAR syndrome. 68 More frequent situations are X-linked imbalances inherited from a normal mother or autosomal imbalances of an imprinted region inherited from a normal parent in which the unbalanced region is imprinted.
Because of these interpretation difficulties, the success of introducing array CGH in the clinical practice will depend to a large extent on the availability of accurate genotype/ phenotype correlations on a large number of chromosomal aberrations. Efforts to establish genome-wide data are currently ongoing (DECIPHER 69 
Consent for analysis and ethical considerations
Due to the high frequency of CNV in the human genome, high-resolution array CGH of DNA from a normal individual reveals an individual 'signature' of copy number variants. 50 Thus, if high-resolution array CGH of parental samples is used to determine whether copy number variants are de novo or inherited, the potential to reveal misattributed parentage, for example non-paternity, is high. Homozygosity mapping using SNP arrays has been a powerful technology for identifying novel autosomal recessive genes in highly consanguineous families. When applied to 'molecular karyotyping' the potential for SNP arrays to reveal consanguinity should be kept in mind. These aspects should be considered by the clinician when obtaining consent for high-resolution molecular karyotype analysis. One has to realize that this guideline is only a scientific recommendation; testing and reporting should be in line with the national ethical/legal regulations, especially when it concerns prenatal testing, counselling and storage of genotyping information.
Array reporting
The report should include, as is currently the case for conventional karyotyping, information for laboratory identification, patient identification using two different identifiers, referring physician/scientist identification, sample information (type of sample, date of referral, date of report and unique sample identification) and referral information (reason for referral and clinical indication of test) where appropriate. 71 In addition, information on the methodology used for molecular karyotyping and the array resolution level should be presented. The molecular karyotyping result should be presented using the ISCN 2005 nomenclature. 72 In addition, a written description and interpretation of the result is important. It is the responsibility of the laboratory to provide a clearly understandable report for the referring clinician/scientist. The report must include the results and the interpretation with the possible clinical implications. Interpretation of results requires supervision by an appropriately trained physician or scientist. In cases where the quality or level of the analysis fails to achieve agreed standards, the report should explain the limitations of the results. The most important features that must be reported are summarised in Table 2 . Laboratory reporting times should take into account the reason for referral and level of urgency. Laboratory report times should be kept as short as possible and time should be reasonable.
The introduction of expression arrays interrogating tens of thousands of genes confronted researchers with the need to report data in a uniform and easily accessible format. To this end, the members of the MGED Society (Microarray Gene Expression Data) have worked with the broader scientific community and developed standards for annotation and exchange of microarray data (http://www.mged. org). A document called Minimum Information about a Microarray Experiment, 73 also known as 'the MIAME guidelines' was developed as the basis for microarray data standards. Similarly, these MIAMI guidelines can define the basic information derived from array CGH experiments that needs to be stored. In short, the experimental conditions of the array experiments as well as image analysis files (ie GPR files) and data interpretation files need to be stored digitally and/or in the patient records.
Concluding remarks
Array CGH is a technology that is rapidly evolving. Novel and increasingly higher resolution genome-wide screening tools are currently being developed. In addition to both clinical utility and validity, there is a cost/benefit relationship that influences the clinical introduction of novel technologies. These issues have been addressed elsewhere. 74 Our understanding of benign and pathogenic genomic variation is still in its infancy, and therefore both clinicians and cytogeneticists are encouraged to contribute information to Databases such as DECIPHER and ECAR-UCA to increase the knowledge on phenotype/genotype correlations. These efforts will change our knowledge dramatically in the years to come. This article therefore, by necessity, aims to provide best operational guidelines at the current state with regard to current technology and our biological understanding. The working group conceives that in the coming years, this document will need to be updated in a regular manner. CNVs, copy number variations; SOP, standard operating procedure.
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